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ABSTRACT: Nanotechnology has today turned out to be a buzzword. Its expansion in a different field is 
phenomenal. But for some reason, it has been holding the rate of development. To count reason behind being 
its failure despite such promising properties is its high-cost production and potential harm to nature. Beside 
the less significant amount of production, there is a need for the eco-friendly, less toxic and cleaner m thod of 
its production. It could not have been more favorable, in case if it could lead to an increase in production at 
the same time in its efficiency too. Algae mediated biosynthesis of the nanoparticle is one of the probable 
solutions of the above-mentioned drawbacks. This review article focuses on the synthesis of nanoparticles 
with help of algae and their potential benefits over conventional based methods. It takes into consideration, 
the formation of nanoparticle through cyanobacteria, microalgae, and macroalgae. 
Keywords: Algae; Biosynthesis; Gold nanoparticles (AuNPs); Silver nanoparticles (AgNPs); 
Nanotechnology. 
1. INTRODUCTION 
 Nanotechnology is the branch of science and technology that involves manipulation of material after 
a rigorous consolidation and significant amount of processing. Nanoparticles are formed by the number of 
physical, chemical or Biological procedures. Today, particles are formed through various processing technique 
in the vacuum or aqueous medium too [1]. It employs various processing ranging from atomic, molecular and
particulate level to the chemical modification. The major drawback is the high cost of these techniques as well 
as the insignificant production to utilize it as a m terial or for the energy uses. It is the result of collaborative 
work of Research and development and that of the business sector. It is likely to influence various commercial 
sector along with the broad aspect of Medical, defense and toiletry in the upcoming future [2-3]. 
 Drawbacks of the conventional process have led to the development of second generation 
nanotechnology, which is more focused about methodologies that could lead to the cleaner environment with
a less harmful effect on health. It is expected and believed that microorganism like fungi, algae, and bacteria 
could act as a potential environment-friendly prospect of synthesis which could be clean and nontoxic [4-
6]. The product in the range of 10-9 m with its dimension ranging from the 1 nm to 100 nm can be called as the 
nanomaterial or we can also call it as the nanoparticle. Basically, the nanoparticle lies in between molecular 
structure and those of bulk structure. In an effort by Sangeetha et al. to classify this high surface to volume 
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ratio particles, we could find three broad categories i.e. engineered, natural and incidental nanoparticle [7, 8]. 
 We can also classify as the result of another work on the basis of natural and anthropogenic carbon 
containing nanoparticle, peptide, and DNA based nanop rticle and also the anthropogenic inorganic 
nanoparticle. The nanoparticle has soon become a buzzword owing to its unique properties such as optical, 
magnetic and thermal conductivity which has the potential to be utilized in every application. The future 
prospect is in diagnosis, therapeutics, electronics, wastewater treatment, remediation of the polluted 
environment and many more [9-11]. 
 Green nanotechnology in particular to algae has been r cently in much of researches because of its 
distinct benefits over other like high metal intake capability, low manufacturing cost, and friendly to the 
environment and cast out the burden of maintenance of culture as it is produced extracellular. Algae have a 
wide dimension of habitat. It can be further characterized by microalgae that are microscopic and macroalgae 
that are macroscopic. They could be either eukaryotic or prokaryotic with being found in the region ranging 
from freshwater sources to marine or hypersaline water etc. Beside the nanoparticle synthesis they too have 
the potential to be used as natural dyes, biofuels, enrichment of nutrition in food, and can also be us d into the 
varieties of another field like medical, agriculture, pharmaceuticals etc. [12-16]. 
 Algae mediated synthesis of nanoparticle has been done with the help of various species ranging 
from Chlorophyceae, Diatoms, Phaeophyaceae, Euglenoids, Cyanophyceae, Rhodophyceae etc. The 
nanoparticle of gold, ferrihydrite, palladium, silver and many more has been made as a result. In another 
work, the fact that production of the magnetic nanoparticle-mediated through algae could lead to enhancement 
of growth and lipid formation in cyanobacteria and microalgae is established [15-17]. 
2. TYPES OF NANOPARTICLES 
 Molecular base and structure base can be two criteria on which we can divide the nanoparticle. 
Molecular bases on further investigation can be broadly classified into organic and inorganic, where carbon 
nanoparticle is a major constituent of organic nanoparticles. Fullerenes are a class of organic nanoparticle 
consisting of the nanotubes and buckyballs. Carbon nanotube could be defined as the one atom thick sheet of 
graphite rolled in order to form the tube. Tubes can be further of two types single-walled and multi-walled 
[18, 19]. 
 Inorganic nanoparticles are the further sum of magnetic, semiconductor nanoparticles and noble 
metal. Magnetic particle is formed of the element with the magnetic properties like of iron, cobalt, nickel etc. 
They could be manipulated with the help of an external magnetic field. Due to its variety of application in the 
field like those of Medicine, catalysis, magnetic particle imaging, wastewater treatment, nanofluidics and 
much more [20-21]. 
 On the basis of structure, we can classify the nanop rticle into three major types, the namely tube-
like structure as that of carbon nanotubes, branches lik  the structure of dendrimers and spherical structure of 
liposomes. Liposomes are vesicle or tiny bubbles being made up of the phospholipid by layer with the 
hydrophilic tail of one layer toward outside make it water soluble. While the hydrophobic tail of another layer 
is in contact with the earlier one making the vesicl  being able to carry the water-soluble drug inside of 
liposomes. It is basically today being applied to deliver the required biomolecules or drug etc. [22]. 
3. BIOSYNTHESIS OF NANOPARTICLE WITH HELP OF ALGAE 
 Algal mediated biosynthesis of the nanoparticle is a three-step procedure. It began with the formation 
of algal extract that could be prepared either by dissolving algal extract in an organic solvent or those into the 
water. This could be done in the presence of boiling or heating for certain required time being. The next step 
is to prepare the desired molar solution of the comp und whose nanoparticle has to be formed, which is 
further followed by incubation of ionic metallic compound followed by maintaining of the required 
environment or else we could provide continuous stirring. Our choice of algae and ionic metallic compound 
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could majorly affect our required due course of action and our judgments of going through the intra-cellular 
and extra-cellular fashion of synthesis [23-25]. 
 
Table 1. Characteristics of the metal nanoparticles biosynthesized by various classes of cyanobacteria. 
Algae Species Size of NPs (nm) 
Type of 
NPs 
Shape of NPs Reference 
Cyanobacteria 
Anabaena sp. 80 ZnO spherical 30 
Lyngbya majuscula >20 Au spherical 31 
Microcoleus sp. 44-79 Ag spherical 32 
Nostoc ellipsosporum 137-209 Au nanorods 33 
Phormidium (Oscillatoria) 
willei 
100-200 Ag spherical 34 
Leptolyngbya tenuis 
(as Phormidium tenue) 




15 (pH 5) 
411 x 32 (pH 5) 
7.92 (pH 7) 
24 (pH 7) 








Table 2. Characteristics of the metal nanoparticles biosynthesized by various classes of microalgae. 









Au (spherical) 28 
Auxenochlorella 
pyrenoidosa 
Au (spherical) 37 
Chlorella vulgaris Palladium (spherical) 27 
Chlorococcum infusionum 
(as Chlorococcum humicola) 
Ag (spherical) 38 
Klebsormidium flaccidum Ag (spherical) 22 
Chlamydomonas reinhardtii 





Au (spherical) 25 
Scenedesmus-24 CdS 39 
Ochrophyta Nannochloropsis oculata Ag 40 
 
 Extracellular synthesis of nanoparticle could occur because of reducing agent potential of various 
algal aqueous extract. It has gained the required potential due to the presence of proteins, polysacchrides, 
reducing sugar, pigments etc. which has the ability to induce reduction of metal ion and further to finally 
precipitate in form of nanoparticles. While in case of intracellular synthesis the ability to reduce th  ionic 
metal compound is own to the fact like algal metabolism which involves respiration and photosynthesis that 
may be useful in case of reduction. In a work, it has been found that NADPH and NADPH reductase enzyme 
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found to be present in the electron transport system of either photosynthesis or of respiratory system has the 
potential to carry out the reduction of the metallic ion. In another study it has been found, nitrogenous enzyme 
too has the potential of reducing metallic ion compund like Au ions to nanoparticles [26-28].  
 In a separate study performed by Dahoumane et al. it has been identified that algal can lead to the 
synthesis of nanoparticle in intracellular fashion along in the dose-dependent line followed by the subsequent 
reduction of metallic ion particle into the nanoparticle and further release of it. It consequently established the 
fact that microalgae are evolved as a state where it could lead to the formation of bimetallic nanoallys in a 
very restricted and regulated fashion. Over the period of time, It has been established that pH, type of metal, 
its molar concentration, temperature, duration of reducing agent can be altered in order to find out shape and 
size of the nanoparticle [29]. 
4. BIOSYNTHESIS OF NANOPARTICLE WITH HELP OF MICROALGAE 
 The silver nanoparticle has been found to have a various beneficial aspect like antifungal, anti-
cancer, antimicrobial, wound healing, and also some good catalytic properties. These properties have led to 
the potential promise in the field of biosensor, drug delivery, ultrasound medical imaging etc. In a work, it has 
been suggested to use the Ag nanoparticle to create a cotton fabric with antibacterial properties. They are 
found useful in the creation of biosensor to sense the glucose level too. Along with a variety of algae, nd 
species of cyanobacteria has the potential to create nanoparticles [22-26]. 
 Synthesis of Ag nanoparticle could be achieved through various microalgae. Sharma et al. have been 
successful in order to form the Ag nanoparticle with help of green algal species like Chlorella vulgaris with 
significant yield. Merin et al. have tried to form and optimize the result by use of the variety of 
species Chlorella salina, Tetraselmis gracilis, and various diatoms too. Hence formed AgNPs were found to 
be pathogenic towards Proteus vulgaris, Escherichia coli, Pseudomonas aeruginosa, Klebsiella sp., etc. [36-
38]. 
 Chlorella pyrenoidosa is found to use in the creation of the nanoparticle ranging in 5-10 nm size, 
while Chlorella vulgaris is reported to remain viable at the 10-3 concentration of AgNO3. It also resulted in the 
polydisperse silver nanoparticle both as the result of intracellular as well as the extracellular in the 
continuously stirred environment. The particle has size dimension in between of 8-20 nm [39-40]. 
5. BIOSYNTHESIS OF NANOPARTICLE WITH HELP OF MACROALGAE 
 Gold nanoparticles have always in very high demand owing to fact that it has more favorable 
properties compare to anyone else. The properties that provide it an upper edge over other is easy preparation 
method, ability to be conjugated with different biocompatible compound, the scattering of light along with its 
non-toxicity are leading to its wide dimension of use. Today it has found its application ranging from 
diagnosis, photonics, electronics, therapeutics, optics, imaging, and catalysis. It can be used to detect analytes 
in the sensor. Once activated it could lead to suppressing cancer or tumor [42-44]. 
 There are various microalgae and diatoms have been us d till now in order to form the gold 
nanoparticle of different shape and sizes according to our purpose. C. vulgaris once employed could give us a 
90% yield when incubated with 1 ml of HAuCl4 (10 mM) and 10 ml of algal extract with mild stirring. Sicard 
et al. have used Klebsormidium flaccidum, for the synthesis of gold nanoparticles. Change i color from green 
to pink used as confirmation for the formation of gld nanoparticles [44-46]. 
 Tetraselmis suecica is found to have the reduction potential in order to synthesize gold nanoparticle. 
Red to yellow color change gives the confirmation. Tetraselmis kochinensis also reported forming gold 
nanoparticle with the average size of 15nm when put at 28-29°C. In another study, it has been found that 
C. pyrenoidosa with vigorous stirring can lead to AuNPs [48-49]. 
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Table 3. Characteristics of the metal nanoparticles biosynthesized by various classes of macroalgae. 
Algae Species 




Caulerpa racemosa Ag 42 
Codium capitatum Ag 43 
Prasiola crispa Au 44 
Rhizoclonium fontinale Au 45 
Ulva (Enteromorpha) compressa Ag 46 
Phaeophyta 
Bifurcaria bifurcata Cu 47 
Sargassum vulgare Ag 48 
Sargassum muticum ZnO 49 
Cystophora moniliformis Ag 50 
Saccharina (Laminaria) japonica Au 51 
Rhodophyta Galaxaura rugosa (as Galaxaura elongata) Au 52 
 
6. CONCLUSION 
 In the last seven to eight years there has been a significant increase in the kind of attention 
nanotechnology is getting. Green nanotechnology and the second generation of nanotechnology is expanding 
rapidly. The review was an attempt to summarize the work done in phyconanotechnology. The literature 
strongly adheres to the fact that algae mediated could be the break we need to commercialize the novel traits 
of nanotechnology. It has promised a significant contribution in the upcoming future. Algae have the wide 
dimension of habitat leading to further different potential that could be employed in order to optimize our 
result. There was not enough work done on red algae as compare to cyanobacteria and green algae. Further at 
the cellular level, it is yet to be utilized. And the metal-specific algae have to be sorted out. 
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